Phytochemical investigation of the CHCl 3 extract of Premna serratifolia (syn: P. integrifolia) wood collected in Myanmar led to the isolation of a new tetrahydrofuran type lignan, 7,9-dihydroxydolichanthin B (1), together with two known triterpenoids, oleanonic acid (2) and (2, 3)-dihydroxyolean-12-en-28-oic acid (3). The structure of the new compound was determined using various spectroscopic techniques, mainly 1D-and 2D-NMR, HRESIMS, IR, and optical rotation, and by comparisons with the reported literatures. Compounds 13 had anti-melanin deposition activities against IBMX and -MSH induced B16-F10 mouse melanoma cell line with IC 50 values of 18.4, 17.7 and 11.2 M, respectively. However, 2 exhibited cytotoxicity at concentrations above 50 M.
Premna serratifolia Linn. (syn: P. integrifolia L.) was belongs to the Verbenaceae family and is widely distributed in tropical and subtropical regions, including India, Malaysia, Vietnam, Cambodia, and Sri Lanka [1, 2] . The leaves and roots of this plant are used in these regions to treat various diseases, including indigestion, dysuria, dysentery, stomachache, fever, diabetes, inflammation, headache, and bronchitis as well as kidney and liver problems [1] [2] [3] [4] . P. serratifolia reportedly contained alkaloids, iridoid glycosides, polyisoprenoids, steroids, acteoside, and diterpenes, and some of them exhibited remarkable pharmaceutical properties, such as anticoagulant, anti-arthritic, anti-hyperglycemic, anti-microbial cytotoxicity, antioxidant, antinociceptive, gastroprotective and antiinflammatory [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . For many centuries throughout the indigenous cultures of the Tanintharyi Region in the southern part of Myanmar, the bark and wood of P. serratifolia have been utilized as traditional cosmetics, the so-called "Thanaka", for skin beautification and protection [15] . As only a few scientific studies of the cosmetic effects of P. serratifolia wood from Myanmar have been performed, we investigated its cosmetically effective components, and in a previous study, we reported the isolation of two new tetrahydrofuran lignans, taungtangyiols A and B with anti-melanin deposition activities, and eight known furofuran lignans [15] . These observations account for the cosmetic effectiveness of this plant. However, the presence of other cosmetically important constituents in this plant has not been excluded, since the efficacy of a crude drug is generally associated with multiple components.
Naturally occurring lignans have been reported with biological activities including antioxidant, anti-inflammatory, and cytotoxicity [16] . However, few studies have been carried out anti-melanin deposition activity from this class of secondary metabolites [17] . In our continuous search for secondary metabolites in P. serratifolia with anti-melanin deposition activity, we identified a new lignan (1) and two known triterpenoids (2 and 3) . Herein, we describe the isolation and structure elucidation of 1 and the anti-melanin deposition activities of 13. The CHCl 3 extract of P. serratifolia wood was subjected to repeated column chromatography including normal and reversed phase and preparative TLC to afford a new tetrahydrofuran type lignan, named 7,9-dihydroxydolichanthin B (1), together with two known triterpenoids, oleanonic acid (2) and (2, 3)-dihydroxyolean-12-en-28-oic acid (3) (Figure 1 The above NMR data of 1 and the HMBC experiment ( Figure 2 ) revealed a close structural resemblance to dolichanthin B isolated from Wikstroemia dolichantha [18] , except for the presence of a hydroxy group at C-2 instead of the methoxy group in dolichanthin B and an additional hydroxy group at C-7 in 1. This assignment was also deduced by the observations of the downfield-shifted carbon signals at C-1 ( C 58.2) and C-7 ( C 73.9) in 1 as compared with the corresponding those of ones (δ C 49.8 and 38.9) in dolichanthin B, respectively, as well as the COSY correlations of HO-2/H-2 and HO-7/H-7 and the HMBC correlations from HO-2 to C-1, from H 2 -4 to C-2, from H-2 to C-1/C-5, from HO-7 to C-1/C-7/ C-1, from H-7 to C-2/C-2/C-6, and from H-6/C-7 ( Figure 2) .
Furthermore, the NOESY correlations of H-1 with H-4a/H-6, of H4a with H-6, of H-2 with H-5/H-7, and of H-5 with H-7 suggested that 1 adopts the same relative configurations at H-1, H-2, H-5, C-6, and C-7 with those of corresponding H-8, H-9, H-8, C-7 and C-7 in dolichanthin B [18] . Based on these observations, H-1, the hydroxy group at C-2, and C-6 were assumed to be -orientations, while H-2, H-5, and C-7 were assigned to be -orientations. The large coupling constants between H-5 and H-6 (8.3 Hz) and between H-1 and H-7 (8.6 Hz), as observed in that between H-8 and H-7 in dolichanthin A (7.7 Hz) with a anti configuration [18] , also supported each relationship to be the anti-configuration in 1, respectively. In addition, the NOESY spectrum showed the correlations of H-4a/H-2, HO-6/H-1, HO-6/H-5, HO-7/H-1, HO-7/H-5, and H-2/H-2. If the hydroxy groups at C-6 and C-7 did not face each other, then these NOESY cross peaks would not be observed. Considering the NOESY correlations observed in 1 comprehensively, the relative structure of 1 was assigned as shown in Figure 3 . Hence, compound 1 was deduced to be a new dolichanthin B analog and was named 7,9-dihydroxydolichanthin B (numbering according to dolichanthin B). The two known compounds, oleanonic acid (2) [19] and (2, 3)-dihydroxyolean-12-en-28-oic acid (3) [20] were identified by comparisons of their spectroscopic data with the reported literature.
The isolated compounds 13 were evaluated for their anti-melanin deposition activities against a mouse melanoma cell line (B16-F10), induced to produce melanin with -melanocyte-stimulating hormone (-MSH) and a potent cyclic nucleotide phosphodiesterase inhibitor, 3-isobutyl-1-methylxanthine (IBMX). Compounds 13 exhibited significantly higher anti-melanin deposition activities with IC 50 values of 18.4 M, 17.7 M, and 11.2 M than that of the positive control, arbutin (an IC 50 value of 698 M), respectively (Figures 4 and 5) . However, at concentration above 50 M, 2 showed slight cytotoxicity against B16-F10 cells, which is agreement with previous report on cytotoxic activity of 2 against B16-BL6 cell line [21] , while 1 and 3 did not show any cytotoxicity, even at 100 M.
In this study, we isolated a new tetrahydrofuran type lignan, 7,9-dihydroxydolichanthin B (1) with melanogenesis inhibitory activity, and two known triterpenoids (2 and 3) from P. serratifolia wood. Compounds 1 and 3 exhibited anti-melanin deposition activities against the B16-F10 cell line, with IC 50 values of 18.4 and 11.2 M, respectively, without any cytotoxicity. On the other hand, although compound 2 showed cytotoxicity at concentrations above 50 M, this compound also exhibited anti-melanin deposition activity with an IC 50 value of 17.7 M. P. serratifolia wood has been used for centuries as a traditional cosmetic in Myanmar. Thus, our results provide insight into the effectiveness of P. serratifolia wood as a cosmetic, in agreement with previous reports. 
Experimental
General: Optical rotations were recorded on a Jasco P2100 polarimeter. UV spectra were measured on a Shimadzu UV-160A spectrophotometer. IR spectra were recorded with KBr pellets on a Jasco FT/IR-460 Plus spectrometer. NMR spectra were recorded at 500 MHz ( 1 H NMR) and 125 MHz ( 13 C NMR) on a JEOL 500II spectrometer. Chemical shift values are expressed in δ (ppm) downfield from TMS, as an internal standard. The high-resolution mass spectra were recorded on a JEOL MStation JMS-700 spectrometer. Open column chromatography was performed with normal-phase silica gel (silica gel 60N, spherical, neutral, 4050 m, Kanto Chemical Co., Inc., Japan) and Cosmosil 75C18-OPN (Nacalai Tesque Inc., Kyoto, Japan). Analytical and preparative TLCs were performed on pre-coated silica gel 60F 254 plates and RP-18F 254 plates (0.25-mm thick for analytical TLC and 0.50-mm thick for preparative TLC, Merck KGaA, Darmstadt, Germany).
Plant material:
The dried powder of the stem wood of P. serratifolia (4.8 kg) was collected from Myeik Township, Tanintharyi Region, Myanmar, in February 2018, and identified by an authorized botanist in the Department of Botany, University of Yangon. A voucher specimen (TMPW 27829) was deposited at the Museum for Materia Medica, Analytical Research Center for Ethnomedicines, Institute of Natural Medicine, University of Toyama, Japan.
Extraction and isolation:
The dried stem wood of P. serratifolia (4.8 kg) was ground into a powder and extracted in CHCl 3 with sonication (8 L, 90 min, 4) at room temperature, and the solvent was evaporated under reduced pressure to obtain the CHCl 3 extract (31.5 g). The CHCl 3 extract (31.5 g) was fractionated by silica gel column chromatography with a n-hexaneEtOAc solvent system (10:1, 8:2, 7:3, 5:5, 3:7, 2:8, 0:10, v/v) into ten fractions (Fr. 110). Fraction 7 (1.9 g) was subjected to silica gel column chromatography eluted with n-hexaneEtOAc (10:1, 7:3, 5:5, 3:7, 0:10, v/v) to give four subfractions (Fr. 7-17-4). A portion of subfraction 7-4 was further chromatographed on Cosmosil 75C18-OPN resin with a MeCNMeOHacetoneH 2 O solvent system (1:1:1:2) to afford 2 (4.2 mg). Fraction 9 (1.5 g) was subjected to silica gel column chromatography, and was eluted with n-hexaneEtOAc (10:1 to 0:10, v/v) to give five subfractions (Fr. 9-19-5). Compound 3 (3.3 mg) was obtained from the purification of subfraction 9-2 on Cosmosil 75C18-OPN resin with MeOHH 2 O (4:1). Fraction 10 (8.1 g) was chromatographed on silica gel, using a n-hexaneCH 2 Cl 2 EtOAc (2:2:1, v/v) solvent system, to give seven subfractions (Fr. 10-110-7). Subfraction 10-5 was subjected to silica gel column chromatography using a n-hexaneCH 2 Cl 2 EtOAc solvent system (2:2:1, v/v) to give three subfractions (Fr. 10-5-110-5-3). Subfraction 10-5-2 was further purified by reverse-phase preparative TLC with MeOH-H 2 O (4:1, v/v), to afford 1 (8.1 mg). Cell culture and Anti-melanin Deposition Assay: B16-F10 mouse melanoma cells (RCB1158) were grown in Dulbecco's Modified Eagle Medium (DMEM), supplemented with 10% heat incubated FBS (Sigma-Aldrich) and 1% penicillin (10,000 U/mL)-streptomycin (10 mg/L) (Gibco). The B16-F10 cells were seeded in a 24-well plate at 5.0  10 4 cells/well and cultured in 500 L of medium (DMEM at 37°C, under a 5% CO 2 and 95% air atmosphere). After 24 h of culture, 500 L of medium containing different doses of the tested samples (final conc. 10, 50, and 100 M), -MSH (final conc. 0.25 M), and IBMX (final conc. 100 M) were added to each well. After a 48 h incubation, 500 L of the medium was discarded, and 500 L of medium containing different doses of the tested samples (final conc. 5, 25, and 50 M), -MSH (final conc. 0.125 M), and IBMX (final conc. 50 M)
Compound (1)
were added to each of the wells and further incubated for 48 h. The cells were then washed twice with PBS (200 L) and lysed by an incubation in 1 M NaOH (150 L) at 95C for 15 min, and then the absorbance at 360 nm was measured with a microplate reader (SH-1200, Corona). The effect of the samples on cell proliferation and viability was evaluated by measuring the absorbance of the total protein content at 595 nm with a Bio-Rad Protein Assay. Arbutin (Sigma) was used as a positive control in the present study.
